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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optimum path 
selecting method exactly selecting the optimum propagation 
path between a base station in which a base station antenna is 
composed of plural directional antennas and a terminal in a 
short time. 

SOLUTION: This system performs communication between at 
least a base station 1 having plural directivity antennas and 
plural radio terminals 3. At this time, an optimum propagation 
path is selected by simultaneously transmitting known signal 
series composed of continuous waves of different frequencies 
from the base station 1 to the terminals 3 via the plural 
directivity antennas, performing frequency analyses 34 for the 
known signal series received by the terminals 3, performing 
the quality measurements 35 for the plural propagation paths 
from each frequency spectrum, performing the rankings 36 for 
the plural propagation paths based on these measurements and 
determining 37 the optimum propagation path based on these 
ranking results. 
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BB*«:j5*Ufc%©T*».6. 7 i -^'©-^© , tt*X^^ 

p d 7 mmtt f c &$^c ftifflRfit f ±\tt 

tfoTV^o jqm&SKf 1 , f 2 . f3 . f4 ©M^S© 

ms-xw hMt, pi , P2 . P3 . P4 T-^-rri; 

h;i/CDS*©^:^3«M^^«fcoTM^So * 
fc. ^-^(©ii«lcM^5df^U7M^i: : g-^JiW© 

jf^tT'i*, ^)\^;i*iz£z>mmmsm7*-p 
[0052] tot, T-*mtB#a9omem/ix*& 
jatsasf 1 , f2. f 3 . f4 ft^-vuTWHRf c£ 

sBteaR/tx 5 s t «t o t^v >insa@ s# 

[0 0 5 3] mz. mfe74-fl'\ t £®3lZt$V}&ffiM. 
7-U3^HJtt»7 2K:fe»*W«7-y^aJI« (FF 

1 M7-'Jl»l 1 2^©0S^S: 

zmm<Dmmtim*f& m&y^-^i 1 1© 

mffl% A f 1 / A f L < J: (Cigfe-tS 

HB*7-ya4(a»Bi 1 2cD^s«MS7>r-;i/ 
2-1, 2-2, 2-3, 2-4frbmmznt=mm. 
[0054] ttc. m&y-'j^mmi 1 2^§3 
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ifi l / a f T'&rui, SB* 3 tf$:mLf=.mm&c>W&7 
5. l««7-UxSajtlW>^^h^/Si , s 2 , s 

3, s 4 n «aaRf i . f 2 . f 3 . f4±t-»a^ 

ttflHSIfeh. flffldRfi, f 2 • *3 . f 4 ©*»9S88 
<fc e> (cm 7 - U x^#|& 1 1 2 ©*£ 3 ^iMBPI 

a f oxmizm l < &s «fc e> jciaj&ttiii. iS^©T 

gWftv €»**©©«& «k y IE U < «UJfe"T * C 

[0055] 3mysiej:iMB!*3a>flWtt4iai 

;cms * T'W©«e^&lW i tc^© u 
m%t&W*X8&&g%M l ©rt»T?ff oT*» AV\, c 
© «fc d ICfS 3 ©ft&tfg»3 tU *8£ 3 ©/Jv§? 

loose] (H2©iy®£«o hi si*. *m®m 
i >^ic^Lfe«*3 (DmmmmtmttfcirzBfrizm- 

gfttVttiBHtt 3 9 ^fclCjI#tl£ftT V ^„ C©fBfll 
&3 9& 9>^f*W»3 6««&ffl^7d«l6#GW/tX 
©ffiHS**9 > ^flWg&SBWt* *»©T?*S. 
[0 0 5 7] ^^tfttSJa 61C&, 30 

3 5 hJi/M&li&fcftic, flBMfts. 9 icsa 

^>^itfgti«senA°^sgp3 7(cA*^tu mm 

[0058] fit«©*01ttffi 1 ©!£»££ HWT* * 40 

y> /t^flniBS£flis 8^e>«@©iA"x^sis3 7t* 

SfeUBfrS 1 33 3 0 &ttt«fc7>?^-4 

[0059] c©<te»(c*Hfi^«g^«fcSi:, fifg^3lC 
©9>*&3Bfc3S*^Sii:#-CS*fc«>. -ESS/ 1 ?*© 

cTfiiiei/« & «fc u *v ^ftMttx-^-r s c i: 
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[0060] (8!3©Slfi&|?ffil) Eli4iiu #§®©§3K 

(WT, St*ffl*ilfirttr>T^-i:v^) 4-1, 4- 
2, 4-3, 4-4tCi:oT^SnTV%S <> ££u 3g 
pfc 3 ©ftgfstctatt ibtifex-f * ^ 3 0 a te, S££m©<*a 

5Sffl*IWlttT>^-4-l, 4-2, 4-3, 4-4© 

^ye*.*^. se>(c ^gaefawcaswrfci^© 

[0061] 43g&taK©ftftti. *©aye»*. as 
^3tcfevNTii, mmmt&&T> ; r-)-4:-i, 4- 

2, 4-3, 4-4©e)t)CDV^tl* , '^0"eifl!l^7-Y- 
JV K^^SfiStu K©®E*Df9-^?!IT'fc5 
StaaSW^W 7f30a 5:^bTl5l«itaiS&3 3 ICA#3 
ixTRI«iiaiS&3 3 t«7-f-;V K©RIW^6>tlS 
X>f >yf3 0a jWPfcKffl*Bl«ttT>5 l ^4 - 1 T?£ 

«a*i*a«i^«:«isa8KWfw 3 4 \za±-?z> * e> »c« 
[0062] jg?gg&9-#fgp3 4iii A*sns^M 

N;m^SP3 5tCA*$tU 
3 6tCA^$*U ^>^#WSP3 6lt7.^.9 hMWti8& 

mzm-5^xmmmm\m.7y^2,-i, 2-2, 

2 - 3 , 2-4 hmmn^&ry^-^ - 1 t©r^© 

9 ZTjk-t^ytmmzmtt&o zwzytmmt* m 

[0 0 6 3] ^C, ^^3 0a»Jf^.^ ^ffi 

a^wmn\m.r y^-i- 4 - 2 , 4-3, 4-4ts« 

M^gScx^^ h;HB^©^ h;i/iffl^P3 5 
ic<fcsx^ h;v?B!lSv ?yirfi\m3 er-cD^ytti 

vim®m>n> ? yzmmmsim 3 9 \z%mzn 

So 

[0 0 6 4] ce> LT^T©Sg*ffl*il^f4T>5 1 ^-4 - 
1, 4-2, 4-3, 4-4&J§V^#£tCOWt^> 

fev^lB'l«SP3 9 icgBlt^nfe^^^Wfg©^*)*^ 

tu *©*aW^fcw^^flB8j^/^fllWW^» 

3 8T-^$4XT, ^mHIi&3 lfccfctfX-f 'V^3 0 
SrMTSS*r>-5 L ±4-l, 4-2, 4-3, 4-4© 

v vrttj&w-o. ^ tz.ttw&a>7yTi-fr bmmm 1 tcrnj 
so vxmmznzo 



(9) 



#B§^ 9-219675 



15 



16 



to o 6 5] z.a>&$K#mmmz£iM& Wrfy WT-tiu 4 x4 = i emoy&ffl^*) a>&m.e>^y*tt 

- i, 4-2, 4-3, 4-4-e#tl££ftT^-£> S3 6 afrkffi;fr£;ftS^>*«?gteS^^^^ 



2-2, 2-3, 2-4*&i^ica<fc*HJia»««t» 3 7T?^snfe««e«'^&^^tt«#<a*a 

1, 4-2, 4-3, 4-4^i«'jmtei 10 ©as5KM*it^aT>^7>^4-i, 4-2, 4- 

tcffis+sEBR (i®«"rtt4iiD £»3s*usffl*Biert£ mmuc$Mxmmt<ftz>. 

2-2, 2-3, 2-4*»e>©asH8fc [o 0 7 2] z.<D&t>iz#mffimiz&z>}i. HgiJfcTy 

<»w%m*fi^z.^±r<Dmj**<»&wm&z ^immmmm^yy^A - 1 , 4-2, 4 

tmucg^<^>*tftt#^tg£fcy, JKlfiaH* -3, 4-4T*#^StvTV>S»^{CfeV%T, £Ttf>ag 

®3WfCil**I^S*^^aii"*ifc*<^**. 3UBfBfilttT>y"*-4-l. 4-2, 4-3, 4-4JC 

[oo 6 73 (M4<Dgm&m) si si*. -#mmm ^xmmz^m^^mm^ ^y^m^nvz 

KiR-©«88^fe#LT=fBt^S:4»^c»WBi-*i:, 20 [0 0 7 3] (|g 5 tf>HU&£fi) 01 6K^y 

y^i$^<D^mn$m.Ty7-±4- 1, 4-2, ^bfe*e>c^T>5 : -^-*' !; ffiKcD^7K«it^rt4r>''x 

4-3, 4-4lC«fcoT*t&S*lTlrV&. S$3fc3 -J-4-1, 4-2, 4-3, 4-4 (4 -m, m=l, 

©rt»'fc«w6>*ife^^^3 0at±. ss«m©wy# 2, 3, 4) jc*y««sn. s^i««z>«i&^ 

stftff^fc^K, 7 i -*am®«5i5ffliifirttT>-5^- ffl»wttr>5^2-i, 2-2, 2-3, 2-4 

4-1, 4-2, 4-3, 4-4®«'J|^^. *3©SS5f5«ftfiIttT>7^-4-l, 4-2, 4-3, 

[0 0 6 8] ^bx> immmx^-m^.mn\myy A-Ah&mn&^rt^&n^wf-Dmfct&z. 

7+4-1, 4-2, 4-3, 4-4lC^ft J £ , n*ffSL £tCj:oT> fiSSeSftrt:* 

xm%zmm&Vxm$ 4-1, 34-2, 34-3, jaR/t^wKo^Hcov^TgwH-rs. 

3 4-4Sit;^ Wl«8lS3 5-1, 3 5-2, 30 [0 0 7 4] £1*, S$*3 Xlt&fflrt*0mffi*ffllZ*> 

3 5-3, 3 5-4*^W6>tlTV>S. O h-TS^;'7>^CD'fii (W^EIiSCAf >^'fit) n & 1 

to o 6 9] 43gS£gffia>i&m*. *<oa»JT*s. ic-try h-TS (JsrVfS 201). #CtC, «Jfr7-f - 

3c3 tCfcVVO** S8*ffl#ll^ttr -1,4- ;i/ RBII^JPE^«^««*ffl«lfirttT - 1 

2, 4-3, 4-4tC«fcoT^7>f-;i/K«>J5E»ffl# &/|-LT^S£*U «Bfe*«ff fcft* «fe 3 IC m= 1 &CiZ 

jfi^fesstBififtjWWBan. miM<&3 3 tcA^sti v hf s (x^>v^s 202). 

t ih8B[h§& 3 3 r-ijaut? w -/b k® rajt&WK e>n* [ 0 0 7 5 1 aue^ -r Kuw^aica:* 

Si*«fflrtlttT>^-4-l, 4-2, 4-3, 4-4 1 ©£T<Og^M^|iO&7>5^2 - 1, 2-2, 2 

T*^#£^fe&ifc^<Ji^##TgP3 4-l, 34- -3, 2 -4 frg>, gE^-g-^JT'feSM^ f 1 . f 

2, 3 4-3, 3 4-4{C-?-*l-?tlA*3nS 0 M52Sm 2 . f 3 . f 4 ©aS^^B^C^S*,* &rrV? 
d*ffiP3 4-l, 34-2, 34-3, 3 4-4T-H 40 S203). 

-etl-€ J ^A*$tl^»i^lC0V^lliii7-'Jx^$: [00 7 6] ■£3l/t»ftS*lfeWifflRf l , f 2 . f 

s„ z^oj^bc;*'** wi/M-ste*** b>vmm mL3&immffltf&Ty'r±4-i, 4-2, 4- 

3 5-1, 3 5-2, 3 5-3, 3 5-4{C-W?^A 3, 4-4fCPJ3iU ^{f£*v£>. ^<§3*l£5tiEMte 

)vwmmz^ytttttm 6atcA*stv-5„ S204) . «te7-f--n/H»rT«. *Bt3 

to 0 7 0] ^>*tfttg|S3 6 afli, «^10>^ ^tfSPtCj3V%TA*$*VSJ^StCOVxTl^t7- 'Jl 

mmmmiry^i- 2-1, 2-2, 2-3, 2-4 1 g^m>nTNNmh<D<t#^«sjtx^^ h;nt# 

SS*3©Jg5f5ffliilRHtr>7^-4-l, 4-2, 4- (Xf>^S2 0 5) . s 6>tc doings** 

3, 4-4<Dm&&&\Ztt&-fZ>£X0>&ms*X (Z\<D 50 Wl/ft-if©*'** h/HD*. ^t>t>a^fflffil^J 



tO 0 6 6] *H^S§tCfcV^%34x*T*<Z)|l 
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ttT>^"2-l, 2-2, 2-3, 2-4t38^mm 
|flrt47>-r-*-4 - 1 £©ra©^AX©SIC«£#fTfc> 
*V5 UrV^S20 6) „ 
[0 0 7 7] mz. 2 0 6T*#e>tvfeX^^ 

i, 2-2, 2-3, z-Anw^fmmcryri-^ 

-y^S0 7) , rg^A^©^^^^^^** 10 
BiS^tlS Uf7^S2 0 8) „ 

[0 0 7 8] mt> Xf^^yS2 0 80^a*^Tf S 
#lCm#l-f ^U^hSft Uf-y^S21 0) , 
^5fc3©m>^ffl*iie0tt7>r^4-2, 4-3, 4 
-4HoVNTt>^'y'7 p S 2 0 3~S 2 0 8®#JIi*^ 

UjSS^So -£LT, ^7 L ^^'S2 0 9T'm=4tC«eS 
o*y^©lCD=&S^fflfll«H4T>^2- 

1, 2-2, 2-3, 2-4£»$;fc3©£T©*iW9 
litwH4T>^2-l, 2-2, 2-3, 2-4 £©53 

©£SBAx©.? n »© i E@©iiism*©5> 20 

[0 0 7 9] JBtflfc. $l5ttlll&#?>#i8ntfl-f:v*y 
*>h£*l Uf»^S2 12) . *<DmZ7sirv7S 
2 0 2~S2 0 9©*)i!MiWJig£*l£o fit, 7sr 
> y yS2 1 lT*n=NlCfcS£, f fcto^gife^BJilRl 
Qryr-f-Z- 1, 2-2, 2-3, 2-4 t^fflfi 
ft'fS7>-5^4-l, 4-2, 4-3, 4-4h©fig© 

&mLrt*v>simm%.h ^y^^t^nmmi-t^ t. 

X-r^^S 2 0 8T'fEl«S*lfcN[lI^-(D5>^#WifSm 
C*-x-y:/S 213) „ *l/C» ^.(DWcMBM^^ 

i-rtxmmtm&ztu wmmmry^^ - 1, 

4-2, 4-3, 4-4©Vvf*lA^O, tfcte^ifc© 

[0080] tsjasnftt, mmmmm\mry : r±2 

-1, 2-2, 2-3, 2-4©wr*w!>\ *fc»S'i^ 
mS$tlfeMgl^4T>^5:/rbT^3 ^e>®/N°X 
1f^5:g#U (X^-y^S 2 15), Z.CDrtT.WmzM 

-3i*mmimrt*zmm-z> Ur>y^s2i6) „ -r 40 
*rvzfs 2 1 6X'\t4^0mmmm\mr 

y^-r 2 - 1 , 2-2, 2-3, 2-4c7)dt>Sjg£« 
A°XtC*ff£:-tS-o^Sg*3 £©-r-#iIftffl©7>T- 

[0081] zLCDz^izxm&mxit, msmfrbi® 
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[0 0 8 2] 

m<5DS%^Mfgi^sr y7-t-zm-fz>g%M£W&<m 
wttmam* &&^\$w&»wmmm\m.7y7-~)- 

x^wce^t, mio>wmmmm.7yT-r*ft\s 
xnmzmmsmw^w^m^^mw^zmm u 
wzx&m u tdmm^mi zmm&ffi L>x&jmm. 

*»te»*x IE»IK3SiR-* & r H tfXg 

5. 

[0 0 8 3] ss^^^s^i^ffiT^^&^-r 

#)lc*H-S£«/ ^^©agii^fe £Zf*fr\zM'3 <?y 
?ttV<D#mZM.ftlsXfi s 5Z.tlz£ *). 1iUc©^iiiL© 

mm^ry^frb<Dm^^?km<omimmit£& 

Mlz-mt~VX^^Z£izte »J . #$[©£Si/N 0 xfr £>® 

[0084] mkommmm\m.r y^i-fr c 

WifflWf>, M»©^NtCj:oT^DS=&^il/t 
x©^4©M©^&^WS 3 i: Jfc < e»»«©ft« 

[0 0 8 53 tfe, ^m©M^-5»^a»^e>^5^c 

©®E^^^J©M2^SC^ff^^©^aa*^lg^lii5t 

©^^ $ &#Jl^©MtSdKdSI5S©2aa»cK3£-t-S ^ t 
lC«fc»J, #^r©^Mfflfit^feb^^StlS=S-3gi^ 
©HKiV- y x^^©it^'l4S:'^f LT^/^©a 

[0 0 8 6] ^C©S^tHg#^JT'feS=&^S 

u 7«^fciev%»«»Kj8«i tizz. y , 7 J - 

^©ii'ft^?a^tcfe^-5«il/N"x©ffiMilI^*^IiBi: 

itvtcs^g^^^Sr^-rs 3 Victor, 
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[012] IfllU^Mlc 33 tt*i*3* 7 - U iifiSE 

»Ht-9^WaT*«> £®ii^?&©M$MI5g £ ©B8£& &^-*0 
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5 (54) [Title of the Invention] Propagation 

Path Selection Method in a Radio 
Communication System 
(57) [Abstract] 

[Subject], The present invention offers an optimum 
10 path selection method of precisely selecting in a short 

time an optimum propagation path between a terminal and 
a base station which is configured by a plurality of 
directional antennas . 

[Means for Solving the Problems] In a radio 
15 communication system for communications at least 

between a base station 1 having a plurality of base 
station directional antennas and a plurality of radio 
terminals 3, the optimum propagation path is selected 
by the following steps. At first, a known signal series 
20 configured by continuous waves having different 

frequencies is transmitted simultaneously to the radio 
terminal from the base station 1 via a plurality of 
directional antennas. Secondly, the known signal series 
received at the radio terminal 3 is frequency- analyzed 
25 and the quality of a plurality of propagation paths is 
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measured using the respective frequency spectra. 
Thirdly, based on the measurement result, a plurality 
of propagation paths are ranked and the optimum 
propagation path is determined to be selected based on 
5 the ranking. 

[What is claimed is:]l.In a radio communication 
system for 

communications between at least one base station having 
a plurality of base station directional antennas and 

10 a plurality of radio terminals each having at least one 

terminal directional antenna, a method of selecting an 
optimum propagation path from among a plurality of 
propagation paths between the plurality of base station 
directional antennas and the plurality of terminal 

15 directional antennas comprising: 

simultaneously transmitting a known signal series 
each having a different frequency via the plurality of 
base station directional antennas to the radio terminals 
from the base station; 

20 frequency-analyzing the known signal series 

received at the radio terminals and measuring quality 
of the plurality of propagation pathes using respective 
frequency spectra; 

ranking the plurality of propagation paths based 

25 on the measurement result; and 
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determining the optimum propagation path based on the 
ranking. 

2. In a radio communication system for 
5 communications among at least one base station having 

a plurality of base station directional antennas and 
a plurality of radio terminals each having a plurality 
of terminal directional antennas, a method of selecting 
an optimum propagation path from among a plurality of 
10 propagation paths among the plurality of base station 

directional antennas and the plurality of terminal 
directional antennas comprising: 

simultaneously transmitting a known signal series 
each having a different frequency via the plurality of 
15 base station directional antennas to the terminals from 

the base station; 

frequency-analyzing the known signal series 
received at each of the terminals via the plurality of 
terminal directional antennas and measuring quality of 
20 the plurality of propagation paths using respective 

frequency spectra; 

ranking the plurality of propagation paths based 
on the measurement result; and 

determining the optimum propagation path based on 
25 the ranking. 
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3 The method of selecting an optimum propagation 

path in a radio communication system according to claim 
1 or 2, wherein the plurality of known signal series 
5 is a plurality of continuous waves each having a 

different frequency, a frequency distance among a 
plurality of continuous waves transmitted from the 
plurality of base station directional antennas as the 
known signal series is set larger than an inverse number 
10 of a transmission duration time of the known signal 

series, and it is also set much smaller than an inverse 
number of a propagation delay time difference among the 
plurality of propagation paths. 



15 4 The optimum propagation path selection method in 

a radio communication system according to any one of 
claims 1 to 3, wherein the plurality of known signal 
series is a plurality of continuous waves each having 
a different frequency, and the frequency analysis is 

20 performed by a fast Fourier transformation window a size 

of which is set to an inverse number of a frequency 
distance among the plurality of continuous waves. 
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5. The optimum propagation path selection method in 
a radio communication system according to any one of 
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claims 1 to 4, wherein the plurality of known signal 
series is a plurality of continuous waves each having 
a different frequency, and frequencies of the plurality 
of continuous waves are the same as or close to the 
5 carrier frequencies used for the communications. 

6. The optimum propagation path selection method in 
a radio communication system according to claim 1 or 
2, wherein the optimum propagation path is determined 
10 by performing several times processes of transmission 

of the known signal series from the base station to the 
terminals, quality measurement and ranking of all the 
propagation paths . 

[Detailed Explanation of the Invention] 

15 [0001] 

[Field of the Invention] 

The present invention relates to a propagation 
path selection method in a radio communication system 
used for the communications between a base station 

20 having a plurality of directional antennas and a 

plurality of terminals each having a single antenna or 
a plurality of directional antennas, that is, a method 
of selecting an optimum propagation path from among a 
plurality of propagation paths between a base station 

25 and terminals in order to minimize a distortion 



6 



influence received from a propagation path. 

[0002] 

[Prior Art] 

There is a problem such that communication quality 
is greatly deteriorated due to a multi-path interference 
in the case where communicatipns are performed at a high 
bit rate in a cellular radio communication system which 
uses an angular modulation. A multi-path interference 
is generated due to the signal reflection at a reflection 
object when the transmitted signal paths through a 
plurality of propagation paths and arrives at a receiver. 
Under this phenomenon, the received signal is 
intensified or weakened depending on whether the 
relation among the phases of the respective received 
signals are in-phase or opposite-phase since the 
respective received signals pathing through different 
propagation paths arrive at a receiver at different 
times . 
[0003] 

Conventionally, several methods of decreasing a 
multi-path interference have been developed. One of them 
is to use an automatically adaptable equalizer. An 
automatically adaptable equalizer configures a filter 
having a transmission property of inverting the impulse 
response of a transmission path, and it reproduces the 
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original signal wave form from the signal wave form 
distorted by the propagation paths. This filter can be 
realized by a transversal filter configured, for example, 
by a tapped delay line and a weight device for adjusting 
5 a tap gain to be given to the output or input of each 

tap, and the like. This filter, however, requires an 
advanced digital processing technology and a 
large-sized circuit, so that this filter cannot be 
installed on a smaller and lighter terminal with lower 
10 electric power consumption such as a mobile terminal, 

portable terminal, and the like. 
[0004] 

Another method of decreasing multi-path 
interference is to use a spread spectrum technology. 

15 In a spread spectrum communication method, modulation 

is performed by a transmitter at two steps. At the first 
modulation, a modulation signal is prepared to be used 
at normal narrow band transmission, while at the second 
modulation, a code series called pseudo random noise 

20 is multiplied with the first modulation signal, thereby 

expanding a band. At the receiver, an interference 
component is removed by multiplying a code series 
identical to the pseudo random noise series used at the 
second modulation, thereby extracting signals prior to 

25 the second modulation. This method, however, expands 
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the transmission band, thereby decreasing the use 
efficiency of a frequency, which is a problem. 
[0005] 

In order to decrease multi-path interference 
without using such an automatically adaptable equalizer 
and a spread spectrum technology, the radio 
communication system is proposed. In this system, the 
antennas of a base station and a terminal are configured 
by a plurality of directional antennas, and a function 
of selecting an optimum propagation path corresponding 
to a set of optimum antennas used for the best 
communication quality is provided. In this system, a 
known signal series is allocated to a part of 
transmission signals from the base station. The 
selection of the optimum combination of antennas is 
performed by the following procedures. 
[0006] 

After transmitting a known signal series from a 
base station using an antenna among directional antennas 
and synchronizing the signals at the terminal, the 
quality of the known signal series received by an antenna 
from among the plurality of directional antennas is 
measured, thereby registering the ranking of the 
propagation paths which are the combinations of two 
antennas. Next, while the antenna for receiving the 
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known signal series of a terminal is fixed, an antenna 
of the base station is switched to another antenna and 
the ranking of the propagation path is registered. After 
ranking the propagation paths among all the directional 
5 antennas of the base station and one antenna of the 

terminal, the same operation is performed by switching 
one antenna of the terminal to another antenna of the 
terminal . 
[0007] 

10 In this way, the ranking of propagation paths is 

determined for the combinations of an antenna of the 
base station and all the antennas of terminals, and a 
combination of antennas corresponding to the 
highest-ranking propagation path is selected as an 

15 antenna for data communications. When the 

highest-ranking propagation path is determined at the 
terminal, the selected directional antenna is notified 
to the base station, and based on this notification, 
the base station transmits/receives data to/from the 

20 terminal using the selected antenna. According to this 

method, the influence of a multi-path can be decreased 
without decreasing the frequency use efficiency during 
communications, only by using a plurality of directional 
antennas and adding a relatively simple circuit to a 

25 radio transmission/receipt unit. 
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[0008] 

In such a radio communication system, a method of 
measuring the quality of all the propagation paths 
several times has been proposed as a method of ranking 
5 propagation paths. If a propagation path is selected 

using the results obtained by several-time-measurement, 
the selection of an optimum propagation path does not 
come under the influence even if a propagation 
environment is temporarily changed by a person 1 s pathing 
10 across the propagation path. 

[0009] 

In the conventional method of selecting an optimum 
propagation path, a plurality of directional antennas 
provided in a base station and a terminal are switched 

15 periodically, the quality of all the propagation paths 

is measured for the combinations of all the antennas 
of the base station and terminal. Therefore, the number 
of measurement times and the time required for the 
measurement increases as the number of directional 

20 antennas to be used increases. That is, when the number 

of directional antennas of the base station is "a" while 
that of the directional antennas of the terminal is "b", 
the number of propagation paths is "a x b". In the 
conventional method, the measurement should be 

25 performed "a x b" times. Therefore, as the number of 
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antennas increases, it takes a longer time to measure 
the quality of all the propagation paths. In addition, 
since the time when the propagation paths are measured 
differs, the quality of propagation paths changes, and 
5 consequently an optimum propagation path cannot be 

always selected. Further, when the quality of each 
propagation path is measured several times to enhance 
the reliability of the selection of a propagation path 
for the change of a propagation environment such as a 
10 person's or a moving object's pathing across the 

propagation path, there arises a problem that still 
longer time is required . 
[0010] 

[Problems to be solved by the Invention] 
15 In a method of switching periodically a plurality 

of directional antennas provided in a base station and 
a terminal, measuring the quality of each of all the 
propagation paths for the combinations of all the 
antennas, and selecting an optimum propagation path 
20 based on the measurement, it takes a longer time to 

measure the quality of each of all the propagation paths 
as the number of directional antennas increases. In 
addition, since the quality changes because of the 
different measurement times of the quality of 
25 propagation paths, there arises a problem such that an 
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optimum propagation path cannot be always selected and 
it takes a longer time to measure the quality of each 
propagation path several times in order to enhance the 
reliability of the propagation path. 
5 [0011] 

The present invention aims at providing an optimum 
propagation path in a radio communication system for 
selecting an optimum propagation path between a terminal 
and a base station where at least one base station 
10 antenna is configured by a plurality of directional 

antennas * 
[0012] 

[Means for Solving the Problems] 

In a radio communication system for 

15 communications among at least one base station having 

a plurality of base station directional antennas and 
a plurality of terminals each having at least one 
terminal directional antenna, when an optimum 
propagation path from among a plurality of propagation 

20 paths among the plurality of base station directional 

antennas and the terminals is selected, 
(a) a known signal series each having a different 
frequency is simultaneously transmitted via the 
plurality of directional antennas to the terminals from 

25 the base station; 
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(b) the known signal series received at the terminals 
is frequency-analyzed and the quality of each of a 
plurality of the propagation paths is measured using 
respective frequency spectra; 
5 (c) the plurality of propagation paths is ranked based 

on the measurement result; and 

(d) the optimum propagation path is determined based 
on the ranking. 
[0013] 

10 According to this method, by simultaneously . 

transmitting a known signal series having different 
frequencies from a plurality of base station directional 
antennas once, the quality of all the propagation paths 
can be measured and all the propagation paths can be 

15 ranked based on the measurement. Accordingly, the time 

required for the selection of an optimum propagation 
can be significantly reduced. 
[0014] 

In a radio communication system for 
20 communications among at least one base station having 

a plurality of base station directional antennas and 
a plurality of terminals each having a plurality of 
terminal antennas, in order to select an optimum 
propagation path from among a plurality of propagation 
25 paths among the plurality of base station directional 



antennas and a plurality of terminal directional 
antennas, 

(a) a known signal series each having a different 
frequency is simultaneously transmitted to the terminal 
from the base station via the plurality of terminal 
directional antennas; 

(b) the known signal series received at the terminals 
via the plurality of terminal directional antennas is 
frequency-analyzed, and the quality of a plurality of 
propagation paths is measured using the respective 
frequency spectra; 

(c) a plurality of propagation paths are ranked based 
on the measurement result; and 

(d) the optimum propagation path is determined based 
on the ranking. 

[0015] 

In a system where a base station has a plurality 
of directional antennas, and a terminal has a plurality 
of directional antennas, even when propagation paths 
are measured by switching a plurality of directional 
antennas one by one, the quality of all the propagation 
paths can be measured and all the propagation paths can 
be ranked based on the measurement result by 
simultaneously transmitting a known signal series from 
a plurality of base station directional antennas the 
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number of times equivalent to the number of the terminal 
station directional antennas, thereby greatly reducing 
the time required for the selection of an optimum 
propagation path. 
5 [0016] 

If the measuring of the quality of a plurality of 
propagation paths corresponding to the known signal 
series received by the respective terminal directional 
antennas, and the ranking of all the propagation paths 

10 based on the measurement are performed in parallel, 

basically the known signal series can be simultaneously 
transmitted once from the base station directional 
antenna, thereby further decreasing the time required 
for the selection of an optimum propagation path. 

15 [0017] 

A plurality of known signal series simultaneously 
transmitted from a plurality of base station directional 
antennas are preferably a plurality of continuous waves 
each having a different frequency, that is, 

2 0 sine-wave- shaped signals which do not include many 

harmonic components. It is also preferable that the 
distance among frequencies of a plurality of continuous 
waves is larger than the inverse number of a transmission 
duration time of a known signal series, and the distance 

25 is set significantly smaller than the inverse number 
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of a transmission delay time difference of a plurality 

of propagation paths. 

[0018] 

By setting a distance of frequencies of a 
5 plurality of continuous waves each of which is a known 

signal series, the quality of a propagation path can 
be correctly measured without being affected by a 
propagation delay time difference generated by a 
distance difference among a plurality of propagation 

10 paths nor being affected by a difference of a distortion 

amount of the respective propagation paths generated 
by the difference of frequencies, thereby enhancing the 
reliability of the selection of an optimum propagation 
path, 

15 [0019] 

It is preferable to frequency-analyze a plurality 
of known signal series composed of continuous waves 
having difference frequencies using fast Fourier 
transformation available for high-speed processing . In 

20 this case, a window size of the fast Fourier transform 

is set to an inverse of a frequency interval of the 
plurality of continuous waves so that the orthogonality 
of each continuous wave transmitted from directional 
antennas of each base station is maintained, which 

25 enables us to measure the quality of propagation paths 
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more correctly. 
[0020] 

It is also preferable that the frequency of each 
of continuous waves which are a plurality of known signal 
5 series is identical to a carrier frequency to be used 

for communications or close to the carrier frequency. 
In this way, the quality of a propagation path can be 
measured in the communication frequency band of data, 
and by determining a propagation path based on this 
10 measurement, the communication quality can be 

effectively enhanced at actual data communications. 
[0021] 

The quality of each of a plurality of propagation 
paths is measured by measuring the electric power of 

15 each frequency spectrum of a known signal series 

received at a terminal or measuring the distortion of 
each frequency spectrum. According to a method of 
measuring the electric power of a frequency spectrum, 
the quality of a propagation path can be easily measured 

20 using a simple circuit configuration. According to a 

method of measuring distortion, the quality of a 
propagation path can be precisely measured. 
[0022] 

In the present invention, an optimum propagation 
25 path can be determined after a known signal series is 
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transmitted from a base station to a terminal, and the 
quality measurement and the ranking of a plurality of 
propagation paths are repeated several times. In this 
way, the influence of quality measurement of a 
propagation path caused by the change of environments 
can be decreased, thereby enhancing the reliability of 
the selection of an optimum propagation path. In this 
case, a known signal series can be transmitted the number 
of times identical to the quality measurement of a 
propagation path number of times, thereby significantly 
decreasing the time required for measurement compared 
with a conventional method of performing a measurement 
process more than once. 
[0023] 

[Preferred Embodiments] 

The following is the explanation of the preferred 
embodiments of the present invention by referring to 
the drawings . 

(First embodiment) 

Fig. 1 is a block diagram showing a radio 
communication system according to one embodiment of the 
present invention. This radio communication system is 
configured by at least one radio base station 1 

(hereinafter, referred to as a base station) and a 
plurality of radio terminals 3 (hereinafter, referred 



to as terminals) . The base station 1 has a base station 
antenna 2 configured by a plurality of directional 
antennas 2-1,2-2, 2-3, and 2-4 shown in Fig. 2 for 
respectively producing narrow directional beams Bl, B2, 
B3, and B4 . Hereinafter, the directional antennas 
2-1,2-2, 2-3, and 2-4 are referred to as base station 
directional antennas. The base station 1 is configured 
to simultaneously transmit a known signal series having 
different frequencies via the base station directional 
antennas 2-1,2-2, 2-3, and 2-4 as is described later. 
[0024] 

The base station directional antennas 2-1,2-2, 
2-3 and 2-4 are arranged in such a way that their narrow 
directional beams Bl, B2, B3 and B4 can cover all the 
directions spanning 360 degrees within a communication 
service area of the base station 1. Here, the number 
of narrow directional beams, that is, the number of the 
base station directional antennas 2-1,2-2, 2-3, and 2-4 
is set to 4. However, this number is not limited to 4. 
On the other hand, the terminal 3 has a non-directional 
terminal 4 . 
[0025] 

The base station 1 is provided with a continuous 
wave generation unit 13 for generating a continuous wave 
being a known signal series and an optimum propagation 
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path selection unit 14 which are the configuration 
elements for selection of an optimum propagation path, 
in addition to the configuration elements for regular 
communications (transmission/receipt of data) with the 
5 terminal 3, such as a switch 10 for switching between 

transmission and receipt of data, a transmission circuit 
11 and a receipt circuit 12. 
[0026] 

The continuous wave generation unit 13 is a 
10 circuit for generating continuous waves having 

different frequencies fl, f2, f3, and f4 to be 
respectively supplied to the base station directional 
antennas 2-1,2-2,2-3 and 2-4. Here, the continuous 
wave is a sine wave and it is usually referred to as 
15 an alternate signal in which energy is concentrated 

mainly on a basic wave component, and not many higher 
harmonic components are included. The optimum 
propagation path selection unit 14 selects an optimum 
propagation path, that is, an antenna which is used for 
20 the communications with the terminal 3 and is selected 

from among base station directional antennas 2-1,2-2, 
2-3 and 2-4, using path information . transmitted from 
the terminal 3, which is described later. 
[0027] 

25 Fig. 2(a) is a configuration example of the 
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continuous wave generation unit 13 which is configured 
by a plurality of oscillators 41,42 and 43 oscillated 
by frequencies fl, f2, f3 and f 4 . 
[0028] 

5 Fig. 2(b) is another configuration example of the 

continuous wave generation unit 13. The unit is 
configured by a frequency synthesizer 50 for generating 
signals having frequency differences 3Af, 2Af, Af and 
0, four multipliers 51,52, 53, and 54, an oscillator 55 

10 for generating a continuous wave having a frequency fO, 

and four filters 56, 57, 58, and 59. The multipliers 
51,52,53, and 54 respectively multiply signals having 
frequency differences 3Af , 2Af , Af and 0 by a continuous 
wave having a frequency fO generated by the oscillator 

15 55, thereby generating continuous waves having 

frequencies fO ± 3Af , fO ± 2Af , f 0 ± Af , and fO are 
generated. The outputs of the multipliers 51,52,53 and 
54 pass through filters 56, 57, 58 and 59, and the 
unnecessary components are removed to be supplied to 

20 the base station directional antennas 2-1 , 2-2 , 2-3 , and 

2-4 . 
[0029] 

The outputs from the multipliers 51, 52, 53 and 54 

generally include single frequency components ±nAf and 
25 fO inputted from the frequency synthesizer 50 and the 
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oscillator 55 besides fO±nAf (n=0,...,3). The filters 
56,57,58, and 59 remove the unnecessary frequency 
components, and extract the frequency components of fO 

± nAf, fO+nAf , or fO-nAf as continuous waves of 
5 frequencies fl,f2,f3 and f4, thereby transmitting the 

extracted frequency components to the base station 
directional antennas 2-1,2-2,2-3 and 2-4. 
[0030] 

The radio terminal 3 is provided with a 
10 synchronous circuit 33, a frequency analysis unit 34, 

a spectrum measurement unit 35, a ranking unit 36, an 
optimum propagation path determination unit 37 and a 
path information generation unit 38 as configuration 
elements for the selection of an optimum propagation 
15 path, in addition to the configuration elements for 

regular communications (transmission/reception of 
data) between the radio terminal 3 and the base station 
1, such as a switch 30 for switching between transmission 
and reception of data., a transmission circuit 31 and 
20 a reception circuit 32 

[0031] 

The synchronous circuit 33 synchronizes the timing 
of frequency analysis for a continuous wave which is 
a known signal series transmitted from the base station 
25 1. The frequency analysis unit 34 is a circuit for 
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analyzing frequency spectra of continuous waves and 
outputs a frequency spectrum signal. This unit is 
configured by, for example, a fast Fourier 
transformation device. The spectrum measurement unit 
5 35 measures the received electric power of a frequency 

spectrum signal, etc. The quality of a propagation path 
can be measured based on this spectrum measurement. The 
ranking unit 3 6 ranks the measured spectrum signals. 
The optimum propagation path determination unit 37 

10 determines an optimum propagation path, that is, a 

propagation path corresponding to an optimum antenna 
used for communications with the terminal 3, from among 
the base station directional antennas 2-1,2-2,2-3 and 
2-4 based on the ranking of the ranking unit 36. The 

15 path information generation unit 38 generates 

information about the thus-determined optimum 
propagation path, in other words, information about an 
optimum antenna used for communications with the 
terminal 3 from among four base station directional 

20 antennas 2-1,2-2,2-3 and 2-4 configuring the base 

station antenna 2, and transmits the information to the 
transmission circuit 31. 
[0032] 

Fig. 3 shows a configuration example of the 
25 frequency analysis unit 34, and this unit is provided 
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with a serial/parallel converter 71 for converting an 
input continuous wave into a discrete parallel signal, 
a fast Fourier transformation device 72 for inputting 
this parallel signal and converting this signal into 
5 a discrete frequency spectrum signal, and a 

parallel/serial converter 73 for converting the signal 
into a serial signal. If the spectrum measurement unit 
35 provided at the succeeding stage of the frequency 
analysis unit 34 performs a parallel process, the 
10 parallel/serial converter 73 is not required, so that 

the frequency spectrum signal outputted from the fast 
Fourier transformation device 72 can be directly used 
as the output of the frequency analysis unit 34. 
[0033] 

15 Next, the outlined procedures of the selection of 

an optimum propagation path according to the present 
preferred embodiment are explained using the flowchart 
shown in Fig. 4. Fig. 4 shows an example of a case where 
a single non-directional antenna is used as the terminal 

20 antenna 4 as mentioned above, and the past measurement 

results are not used for the determination of an optimum 
propagation path. 
[0034] 

At the start time of a measurement field for 
25 measuring the quality of propagation paths among the 
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base station directional antennas 2-1,2-2,2-3 and 2-4, 
and the terminal antenna 4, continuous waves having 
different frequencies fl, f2, f3 and f4 are 
simultaneously transmitted from all the base station 
5 directional antennas 2-1, 2-2, 2-3 and 2-4 (step S101) . 

[0035] 

The transmitted continuous waves having 
frequencies fl, f2, f3 and f4 arrive at the terminal 
antenna 4 via respective unique propagation paths. The 

10 continuous wave received at the terminal antenna 4 is 

inputted to the synchronous circuit 33 installed in the 
terminal 3 via the switch 30, and the wave is 
synchronized with the start time of a measurement field 
(step S102). That is, the synchronous circuit 33 

15 transmits the synchronous signal to the frequency 

analysis unit 34, the unit 34 then performs fast Fourier 
transformation for the continuous wave inputted via the 
switch 30, and transforms the signal of a continuous 
signal which is a signal on a time axis into a frequency 

20 spectrum signal (step S103) . The frequency spectrum 

signal is inputted to the spectrum measurement unit 35, 
and the spectrum is measured (step S104) . The spectrum 
measurement results are inputted to the ranking unit 
36, and the ranking unit 36 ranks the quality of each 

25 of propagation paths (reception quality viewed from the 
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terminal 3) among the base station directional antennas 
2-1,2-2,2-3 and 2-4, and the terminal antenna 4 based 
on the spectrum measurement results. Next, the ranking 
unit 36 passes the ranking, that is, the ranking 
5 information about the measurement of the quality of each 

propagation path to the optimum propagation path 
determination unit 37 (step S105) . The optimum 
propagation path determination unit 37 compares the 
inputted ranking information about the respective 

10 propagation paths, and determines the propagation path 

with the highest rank, that is, the highest quality 
propagation path as an optimum propagation path (step 
S106) . The path information generation unit 38 generates 
path information about an optimum propagation path, and 

15 the terminal antenna 4 transmits the information to the 

base station 1 via the transmission/receipt circuit 31 
and the switch 30. 
[0036] 

The base station 1 receives path information from 
20 the terminal 3 via one of the base station directional 

antennas 2-1,2-2,2-3 and 2-4 or an additionally 
prepared non-directional antenna (step S108), and 
selects an optimum propagation path based on the path 
information (step S109) . That is, one of the four base 
25 station directional antennas 2-1,2-2,2-3 and 2-4, which 
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corresponds to the optimum propagation path is selected 
as an antenna to be used for the communications with 
the terminal 3. 
[0037] 

5 According to the present embodiment, a known 

signal series configured by continuous waves each having 
a different frequency is simultaneously transmitted 
from the base station 1 via a plurality of base station 
directional antennas 2-1, 2-2, 2-3 and 2-4. The known 

10 signal series received at the terminals 3 is 

frequency-analyzed and the frequency spectrum is 
measured, thereby measuring the quality of each of 
propagation paths . Further, the respective propagation 
paths are ranked, and the optimum propagation path is 

15 determined to be selected, thereby selecting an optimum 

propagation path by transmitting a known signal series 
from the base station 1 once* 
[0038]. 

Several types of preferable conditions of the 
20 present embodiments are described. The following is the 

explanation of the relation between the duration time 
of a measurement field and a frequency distance among 
continuous waves transmitted from the base station 
directional antennas 2-1,2-2,2-3 and 2-4, by referring 
25 to Figs. 5 and 6. As shown in Fig. 5, using a part of 
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a transmission time as a measurement field, the base 
station 1 transmits a continuous wave Sr which is a known 
signal series of the measurement field. The terminal 
3 receives the continuous wave Sr and determines an 
optimum propagation path, thereby transmitting path 
information to the base station 1. The base station 
selects an optimum propagation path based on this 
information. The continuous wave Sr indicates the 
combination of continuous waves having frequencies 
fl, f2, f3 and f4 simultaneously transmitted from all the 
base station directional antennas 2-1,2-2,2-3 and 2-4 
of the base station, during a duration time z of a 
measurement field. 
[0039] 

Fig. 6 shows a frequency spectrum where a 
horizontal axis indicates a frequency while a vertical 
axis indicates received electric power of the continuous 
wave Sr transmitted in the measurement field of Fig. 
5. During the duration time of a measurement field, the 
base station 1 simultaneously transmits the continuous 
waves having different frequencies fl, f2, f3 and f4 
from the base station directional antennas 2-1,2-2,2-3 
and 2-4. Here, as shown in Fig. 6, all the frequency 
distances of adjacent frequencies among frequencies fl, 
f2, f3 and f4 are set to A f , and this frequency A f is 
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set larger than the inverse number of the duration time 
x of a measurement field, that is, Af>l/r . Thus, a 
spectrum SI of the continuous wave having a central 
frequency fl is 0 on the frequencies f2, f3 and f4, a 
5 spectrum S2 of the continuous wave having a central 

frequency f2 is 0 on the frequencies fl, f3 and f4, a 
spectrum S3 of the continuous wave having a central 
frequency f3 is 0 on the frequencies fl, f2, and f4, 
and a spectrum S4 of the continuous wave having a central 
10 frequency f4 is 0 on the frequencies fl,f2 and f3. 

[0040] 

. That is, all the electric spectrum power of a 
continuous wave received from the other base station 
directional antennas become 0 on the frequencies fl, 

15 f2, f3 and f 4 . Accordingly, the terminal 3 is not 

affected by any influence of the interference of 
continuous waves transmitted from the base station 
directional antennas, on the frequencies fl, f2, f3 and 
f4. Thus, the quality measurement can be performed by 

20 simultaneous transmission of a plurality of continuous 

waves having different frequencies . 
[0041] 

Fig. 7 shows the receipt signal waveform of the 
terminal 3 in the case where the respective continuous 
25 waves having frequencies fl, f2, f3 and f4 transmitted 
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from the base station 1 arrive at the terminal 3 at 
different times since there are differences in distance 
among propagation paths. The duration time of the 
measurement field of continuous waves CW1,CW2,CW3 and 
5 CW4 having frequencies fl,f2,f3 and f4 are all r . The 

differences in arrival time are generated by the 
distance differences among the base station directional 
antennas 2-1,2-2,2-3 and 2-4 transmitting the 
continuous waves CW1,CW2,CW3 and CW4 and the terminal 
10 3. 

[0042] 

If A f >1/ x is set as mentioned above, that is, the 
difference among frequencies fl,f2,f3 and f4 is larger 

than the inverse number of the duration time r of a 
15 measurement field, the measurement field cannot be 

affected by the arrival time difference of continuous 
waves CW1,CW2,CW3 and CW4 transmitted to the terminal 

3 by including the operation time r f of frequency 
spectrum transformation performed in the frequency 
20 analysis unit 34 during the duration time of a 

measurement field for all the continuous waves 
cWl,CW2,CW3 and CW4 . In order to enhance the use 

efficiency of frequencies, the duration time z of a 
measurement field can be set longer. 
25 [0043] 



Fig. 8 shows the relation between propagation 
delay generated between, the base station 1 and the 
terminal 3, and the distortion on a frequency axis. In 
the case where a plurality of propagation paths exist 
between one base station directional antenna 2-i 
(1=1,2,3,4) of the base station 1 and the terminal 
antenna 3, the difference among arrival times of 
continuous waves at the terminal 3, which are generated 
by the distance differences among propagation paths 

(difference of propagation delay time) is set z m, there 
occurs a frequency selectivity phasing F such that the 
size and the phase of a spectrum varies on the frequency 

axis in 1/thi cycles. 
[0044] 

Under the frequency selectivity phasing F, the 
distortion amount varies depending on the frequency to 
be used for communications. Consequently, it is 
recognized by comparing the sizes of electric power 
spectra PI, P2, P3 and P4 of continuous waves having 
frequencies fl, f2, f3 and f4 received at the terminal 
3 that the attenuation amounts of spectra differ 
depending on frequencies* 
[0045] 

In Fig. 8, in the case where the frequencies of 
continuous waves transmitted from the base station 1 
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are apart from each other, for example, like fl and f4, 
the attenuation amounts of spectra greatly differ. 
Therefore, it is recognized that the quality of a 
propagation path determined by the selection of one 
antenna from among the base station directional antennas 
2-1, 2-2, 2-3 and 2-4 of the base station 1 greatly varies 
depending on the frequency of a continuous wave 
transmitted from the base station 1. 
[0046] 

In the present embodiment, the frequency distance 

Af among frequencies fl,f2,f3 and f4 of the respective 
continuous waves transmitted in the measurement field 
is set to a number much smaller than the inverse number 
1/ r m of the propagation delay time difference among the 
respective propagation paths. At the time of Af«Ki 
m, the distortions received at the propagation paths 
are almost the same even in the case where any one of 
the continuous waves having frequencies fl,f2,f3 and 
f4 is transmitted. 
[0047] 

Therefore, if the frequency distance A f is set 
much smaller than the propagation delay time difference 
among all the multi-paths provided between the base 
station antenna 2 and the terminal 4, the quality of 
propagation paths can be correctly measured without 
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being affected by the propagation delay time difference, 
thereby correctly measuring the quality of a propagation 
path and also precisely determining the highest-quality 
optimum propagation path. 
5 [0048] 

The next is the explanation about the spectrum 
measurement unit 35. Fig. 9 shows the received electric 
power spectra PI, P2, P3 and P4 of continuous waves 
having frequencies fl, f2, f3 and f4 transmitted from 

10 the base station 1 and received at the terminal 3. The 

spectrum measurement unit 35 measures the quality of 
each propagation path by measuring the sizes of the 
received electric power spectra PI, P2, P3 and P4, that 
is, electric power E1,E2,E3 and E4, and it transmits 

15 the measurement results to the ranking unit 36. 

[0049] 

Fig. 10 shows the electric power spectra PI, P2, 
P3 and P4 of continuous waves having frequencies fl, 
f2, f3 and f 4 which are transmitted from the base station 

20 1 and received at the terminal 3, on the coordinate axes 

represented by a frequency axis f, a real axis I and 
an imaginary axis Q. In this case, the spectrum 
measurement unit 35 measures the quality of each 
propagation path by measuring the distortion of a 

25 spectrum using the spectrum sizes E1,E2,E3 and E4 of 



34 



received electric power spectra P1,P2,P3 and P4 and 
phase declinations 6 1, 6 2, 6 3 and 6 4 of continuous 
waves regarding the phase at the time of transmission 
performed by the base station 1 . Then, the unit transmits 
5 the measurement results to the ranking unit 35. 

[0050] 

In this way, the spectrum measurement unit 35 can 
measure the size (electric power) of a spectrum or can 
measure the distortion of a spectrum by measuring the 

10 phase declination of a spectrum of a transmission signal 

regarding the phase in addition to the size of a spectrum. 
According to the former, the spectrum measurement unit 
35 can be configured by a simple circuit to measure the 
quality of the propagation path easily. According to 

15 the latter, the quality of the propagation path can be 

measured more precisely. 
[0051] 

Next is the explanation about the relation between 
a carrier frequency used for data communications and 

20 the frequency of a continuous wave which is a known 

signal series used for optimum propagation path 
selection. Fig. 11 shows. the relation among the carrier 
frequency and frequencies f 1, f2, f 3 and f 4 of continuous 
waves. The electric power spectrum Pd of a data signal 

25 expands on a frequency axis f with a carrier frequency 
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fc at the center. The electric power spectra of 
continuous waves having frequencies fl, f2, f3 and f4 
can be represented by PI, P2, P3 and P4 . In the case 
where the distortion of a spectrum which is generated 
5 by a multi-path, that is, frequency selectivity phasing 

F exists, the distortion sizes of electric power spectra 
vary depending on a frequency. Further, there is a case 
where the size of frequency selectivity phasing F 
differs among a carrier frequency used for data 
10 communications and the other frequencies. 

[0052] 

Therefore, it is preferable for the determination 
of an optimum propagation path at the time of data 
transmission that the frequencies fl, f2, f3 and f4 of 

15 continuous waves used for the selection of an optimum 

propagation path are identical to a carrier frequency 
fc or close to the fc. In this way, the quality of each 
propagation path can be measured in an actual 
communication frequency band and an optimum propagation 

20 path can be determined based on the measurement, thereby 

acquiring high communication quality. 
[0053] 

Next is the explanation about the relation between 
a measurement field and a fast Fourier transformation 
25 window (FFT window) of the fast Fourier transformation 
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device 72. Fig. 12 shows the relation between a 
measurement field 11 and a fast Fourier transformation 
window 112. As mentioned above, the frequency distance 

Af among continuous waves which are known signal series 
is set larger than the inverse number of a duration time 

t of a measurement field 111. Therefore, if the size 
of the fast Fourier transformation window 112 is set 

equal to the inverse number 1/ A f of a frequency distance 
Af, the size of the fast Fourier transformation window 
112 is equal to or less than the measurement filed 

duration time r . If the start time of fast Fourier 
transformation is properly adjusted, the influence of 
an arrival time difference (propagation delay time 
difference) among the continuous waves transmitted from 
the base station directional antennas 2-1,2-2,2-3 and 
2-4 to the terminal 3 can be removed. 
[0054] 

If the size of a fast Fourier transformation 
window is 1/ A f, the orthogonality of each 
fast-Fourier-transformed frequency spectrum of a 
continuous wave received by the terminal 3 can be 
maintained. Regarding the fast-Fourier-transformed 
frequency spectra SI, S2, S3 and S4, the orthogonality 
can be maintained on the frequencies fl, f2, f3 and f 4 . 
Accordingly, the respective continuous waves having the 
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frequencies fl, f2, f3 and f4 do not interfere with each 
other. Therefore, when the size of a fast Fourier 
transformation window is set equal to the inverse number 

of a frequency distance A f , the quality of a propagation 
5 path can be correctly measured since there is no 

interference of continuous waves. 
[0055] 

The configurations of the base station 1 and the 
terminal 3 are not limited to Fig.l. The configuration 

10 elements provided in the terminal 3 and required up to 

the process of the determination of an optimum 
propagation path, for example, the functions of the 
spectrum measurement unit 35, the ranking unit 36, the 
optimum propagation path determination unit 37, and the 

15 path information generation unit 38 can be provided in 

the base station 1. That is, the halfway-process results 
up to the optimum propagation path determination are 
transmitted to the base station 1, and the final 
propagation path determination is performed in the base 

20 station 1. In this way, the load of the terminal 3 can 

be reduced, so that the terminal 3 can be smaller and 
lighter, and the price and the consumption power can 
be further reduced. This merit can be applied to the 
embodiments which are described later. 

25 [0056] 
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(Second preferred embodiment) Fig. 13 is a block 
diagram showing an internal configuration of the 
terminal 3 according to the present embodiment. In Fig. 
13, the configuration elements identical to those shown 
in Fig. 1 are attached by the same reference number. 
The different point, however, is that a storage unit 
39 is added in this embodiment. The storage unit 39 
stores the ranking information about the quality of each 
propagation path outputted from the ranking unit 36. 
[0057] 

The past ranking information stored in the storage 
unit 39 as well as the spectrum measurement results 
outputted from the spectrum measurement unit 35 are 
inputted to the ranking unit 36. The ranking unit 36 
updates the ranking of propagation paths based on the 
new and the past spectrum measurement results of 
propagation paths. The thus-updated ranking 
information about propagation paths is stored again in 
the storage unit 39. Thus, the updated ranking 
information about propagation paths is input to the 
optimum propagation path determination unit 37, and the 
unit determines the highest-ranking propagation path 
as an optimum propagation path. 
[0058] 

The subsequent processes are the same as those 
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performed in the first embodiment. The path information 
generation unit 38 generates path information about the 
optimum propagation path determined by the optimum 
propagation path determination unit 37, and transmits 
5 this information to the base station 1 via the 

transmission/receipt circuit 31 and the switch 30. 
[0059] 

According to the present embodiment, since the 
terminal 3 can repeat a spectrum measurement process 
10 several times and can sequentially update the ranking 

of propagation paths, the quality of propagation paths 
can be correctly measured, thereby reliably determining 
an optimum propagation path. 
[0060] 

15 (Third preferred embodiment) Fig. 14 is a block 

diagram showing internal configurations of terminal 
antennas and the terminal 3 according to the present 
embodiment. In Fig. 14, the same numerals as those shown 
in Fig. 1 indicate the same configuration elements of 

20 the terminal 3. The difference is that a terminal 

antenna is configured by a plurality of directional 
antennas (hereinafter, referred to as terminal 
directional antenna) 4-1 , 4-2, 4-3 and 4-4, in the present 
embodiment. The switch 30a provided in the terminal 30 

25 switches between transmission and receipt of data, and 
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switches among the terminal directional antennas 
4-1,4-2,4-3 and 4-4 at the time of data communications 
and quality measurement of propagation paths. Similar 
to the second embodiment, the storage unit 39 for storing 
5 ranking information transmitted from the ranking unit 

36 is installed in the present embodiment. 
[0061] 

The operations of the present embodiment are as 
follows. When in the terminal 3, one of the terminal 

10 antennas 4-1,4-2,4-3 and 4-4 receives a measurement 

field, a continuous wave which is the known signal series 
of a measurement field is inputted to the synchronous 
circuit 33 via the switch 30a, the measurement field 
is synchronized in the synchronous circuit 33, and the 

15 switch 30a is switched so as to direct the continuous 

wave received at the terminal directional antenna 4-1 
to be inputted to the frequency analysis unit 34. 
[0062] 

The frequency analysis unit 34 performs fast 
20 Fourier transformation for the inputted continuous wave, 

and transforms the signal on a time axis into a frequency 
spectrum signal. The frequency spectrum signal is 
inputted to the spectrum measurement unit 35, and the 
spectrum measurement is performed. The spectrum 
25 measurement results are inputted to the ranking unit 
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36, and the unit ranks the quality of propagation paths 
among the base station directional antennas 2-1, 2-2, 2-3 
and 2-4 and the terminal directional antenna 4-1, and 
outputs information about the ranking of propagation 
paths. The ranking information is stored in the storage 
unit 39. 
[0063] 

Next, the switch 30a is switched similarly to the 
continuous waves received by the other terminal 
directional antennas 4-2,4-3 and 4-4, the processes of 
the transformation into a frequency spectrum signal by 
the frequency analysis unit 34, the spectrum measurement 
by the spectrum measurement unit 35, and the ranking 
using the ranking unit 36 are sequentially performed. 
The thus-obtained ranking information is stored in the 
storage unit 39. 
[0064] 

When the ranking information has been stored in 
the case of using all the terminal directional antennas 
4-1,4-2,4-3 and 4-4, the optimum propagation path 
determination unit 37 determines a propagation path 
having the highest-ranking as an optimum propagation 
path using the ranking information stored in the storage 
unit 39. The path information about the optimum 
propagation path is generated in the path information 
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generation unit 38, and the information is transmitted 
from one of the terminal directional antennas 
4-1,4-2,4-3 and 4-4 or a plurality of antennas to the 
base station 1 via the transmission/receipt circuit 31 
5 and the switch 30. 

[0065] 

According to the present embodiment, in the case 
where a terminal antenna is configured not by a 
non-directional antenna but by a plurality of terminal 
10 directional antennas 4-1,4-2,4-3 and 4-4, an optimum 

propagation path can be determined to be selected. 
[0066] 

In the case where a propagation path is measured 
by simultaneously .transmitting continuous waves having 

15 difference frequencies from a plurality of base station 

directional antennas 2-1, 2-2, 2-3 and 2-4 while 
switching the terminal directional antennas 4-1, 4-2, 
4-3 and 4-4 one by one according to the present 
embodiment similarly to the above-mentioned 

20 embodiments, the quality of all the propagation paths 

can be measured to be ranked based on the measured 
quality by simultaneously transmitting continuous 
waves from a plurality of base station directional 
antennas 2-1, 2-2, 2-3 and 2-4 the number of times (four 

25 times, in this example) equivalent to the number of the 
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terminal directional antennas. Consequently, the time 
required for the selection of an optimum propagation 
path can be greatly reduced. 
[0067] 

5 (Fourth preferred embodiment) Fig. 15 is a block 

diagram showing internal configurations of terminal 
antennas and the terminal 3 according to the present 
embodiment. In Fig. 15, the same numerals as those shown 
in Fig. 1 indicate the same configuration elements of 

10 the terminal 3. The difference between Fig.l and Fig. 15 

is that a terminal antenna is configured by a plurality 
of terminal directional antennas 4-1,4-2,4-3 and 4-4 
as shown in Fig. 14. The switch 30a provided in the 
terminal 3 switches between transmission and receipt 

15 of data, and also switches among the terminal 

directional antennas 4-1,4-2,4-3 and 4-4 at the time 
of data communications. 
[0068] 

In the present embodiment, the terminal 
20 directional antennas 4-1,4-2,4-3 and 4-4 are provided 

with frequency analysis units 34-1,34-2,34-3 and 34-4 
and spectrum measurement units 35-1 , 35-2, 35-3 and 35-4 , 
respectively. 
[0069] 

25 The operations of the present embodiment are as 
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follows. The terminal 3 receives a continuous wave which 
is a known signal series of a measurement field via the 
terminal directional antennas 4-1,4-2,4-3 and 4-4, and 
when the received continuous wave is inputted to the 
5 synchronous circuit 33 and the measurement field is 

synchronized in the synchronous circuit 33, the 
continuous waves received by the terminal directional 
antennas 4-1,4-2,4-3 and 4-4 are inputted to the 
frequency analysis units 34-1,34-2,34-3 and 34-4, 
10 respectively. The frequency analysis units 

34- 1,34-2,34-3 and 34-4 perform fast Fourier 
transformation for the respectively inputted 
continuous waves and transforms the signals on a time 
axis into frequency spectrum signals. These transformed 

15 frequency spectrum signals are respectively inputted 

to the spectrum measurement units 35-1,35-2,35-3 and 

35- 4, thereby performing spectrum measurement. Then 
these measurement results are inputted to the ranking 
unit 36a. 

20 [0070] 

The ranking unit 3 6a ranks all the propagation 
paths (in this example, 4x4=16 paths) corresponding to 
the combinations between the base station directional 
antennas 2-1,2-2,2-3 and 2-4 of the base station l,and 
25 the terminal directional antennas 4-1,4-2,4-3 and 4-4 
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of the terminal 3, thereby outputting the ranking 
information* The ranking information outputted from the 
ranking unit 36a is inputted to the optimum propagation 
path determination unit 37, and the highest-ranking 
5 propagation path is selected as an optimum propagation 

path. 
[0071] 

The subsequent processes are the same as those 
performed in the first to the third embodiments* The 

10 path information generation unit 38 generates path 

information about an optimum propagation path 
determined by the optimum propagation path 
determination unit 37, and this information is 
transmitted to the base station 1 from one or a plurality 

15 of the terminal directional antennas 4-1,4-2,4-3 and 

4-4 via the transmission/receipt circuit 31 and the 
switch 30. 
[0072] 

According to the present embodiment, in a case 
20 where a terminal antenna is configured by a plurality 

of the terminal directional antennas 4-1,4-2,4-3 and 
4-4, the quality measurement and ranking of propagation 
paths are simultaneously performed for all the terminal 
directional antennas 4-1,4-2,4-3 and 4-4, thereby 
25 greatly reducing the operation time required for the 
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determination and selection of an optimum path. 
[0073] 

(Fifth embodiment) The following is an explanation 
of the procedures taken when an optimum propagation 
path is determined and selected, by referring to the 
flowchart of Fig. 16. As shown in the third and fourth 
embodiments, a terminal antenna is configured by a 
plurality of terminal directional antennas 
4-1,4-2,4-3 and 4-4 (4-m, m=l, 2, 3 and 4) . The quality 
of each of the propagation paths among a plurality 
of a base station antennas 2-1,2-2,2-3 and 2-4 of the 
base station 1 and a plurality of the terminal 
directional antennas 4-1,4-2,4-3 and 4-4 of the 
terminal 3 is measured N times . In this configuration, 
the procedure for an optimum path selection is 
explained. 
[0074] 

First, the terminal 3 sets a value n of the counter 
for counting the number of measurement times of a 
propagation path to 1 ( step S201 ). Next , the known signal 
series in a measurement field is received via the 
terminal directional antenna 4-1, and m is set to 1 for 
the measurement of the propagation path (step S202) . 
[0075] 

At the start time of a measurement field, 



continuous waves having frequencies fl, f2, f3 and f4 
are simultaneously transmitted from all the base station 
antennas 2-1, 2-2, 2-3 and 2-4 of the base station 1 (step 
S203) . 
[0076] 

The thus-transmitted continuous waves having 
frequencies fl, f2, f3 and f4 arrive at the terminal 
directional antennas 4-1, 4-2, 4-3 and 4-4 of the terminal 
3 via unique propagation paths, and they are received. 
The received continuous waves are synchronized with the 
start time of a measurement time (step S204) . After the 
termination of a measurement field, the terminal 3 
performs fast Fourier transformation for the continuous 
wave to be inputted to a frequency analysis unit, and 
the signal on a time axis is transformed into a frequency 
spectrum signal (step S205) . Further, a spectrum of the 
frequency spectrum signal is measured, that is, the 
quality of propagation paths among the base station 
directional antennas 2-1,2-2,2-3 and 2-4 and the 
terminal directional antenna 4-1 is measured (step 
S206) . 
[0077] 

Next, based on the spectrum measurement results 
obtained in step S206, the quality of each of the 
propagation paths (reception quality viewed from the 
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terminal 3) among the base station directional antennas 
2-1,2-2,2-3 and 2-4, and the terminal directional 
antenna 4-1 is measured, and based on the past quality 
measurement of propagation paths performed n-1 times, 
the propagation paths are ranked (step S20'7) . Finally, 
the ranking information about the ranking of the 
respective propagation paths is stored (step S208) . 
[0078] 

Subsequently, each time the process in step S208 
terminates, m is incremented by one (step S210) , the 
procedures for steps S203 to S208 are repeated for the 
other terminal directional antennas 4-2,4-3 and 4-4 of 
the terminal 3. When m becomes 4 in step S209, that is, 
when the ranking prepared using the first results of 
measuring the quality of the propagation paths among 
a base station directional antennas 2-1, 2-2, 2-3 and 2-4 
of the base station 1 and the terminal directional 
antennas 4-1,4-2,4-3 and 4-4 of the terminal 3 
terminates, the flow advances to step S211. 
[0079] 

Subsequently, each time the counter value n of the 
number of measurement times is incremented by one (step 
S212) , the procedures for steps S202 to S209 are repeated. 
When n becomes N in step S211, that is, when the quality 
measurement and the ranking of the propagation paths 



among the base station directional antennas 2-1,2-2,2-3 
and 2-4 and the terminal directional antennas 
4-1,4-2,4-3 and 4-4 are performed N times, the 
highest-ranking, that is, the highest-quality 
propagation path is determined as an optimum propagation 
path using the ranking information which is obtained 
by ranking the propagation paths N times and is stored 
in step S208 (step S213). Next, the path information 
about the optimum propagation path is generated to be 
transmitted to the base station 1 from one or a plurality 
of the terminal directional antennas 4-1,4-2,4-3 and 
4-4. 
[0080] 

The base station 1 receives path information from 
the terminal 3 via one of the base station directional 
antennas 2-1,2-2,2-3 and 2-4 or an additionally prepared 
non-directional antenna (step S215) . After this, the 
base station 1 selects an optimum propagation path based 
on the path information (step S216) . That is, in step 
S216, one of the four base station directional antennas 
2-1,2-2,2-3 and 2-4, which corresponds to the optimum 
propagation path is selected as an antenna for 
communications with the terminal 3. 
[0081] 

In the present embodiment, an optimum propagation 
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path is determined after a known signal series is 
transmitted from a base station to a terminal and the 
quality measurement as well as the ranking are performed 
for all the propagation paths several times. In this 
way, the influence of quality measurement of a 
propagation path, which is generated by the change of 
environments is decreased, thereby enhancing the 
reliability of the selection of an optimum propagation 
path. In this case, a known signal series can be 
transmitted the number of times equivalent to the number 
of quality measurement times, thereby significantly 
decreasing the time required for quality measurement 
compared with a conventional method of performing a 
measurement process more than once. 
[0082] 

[Effects of the Invention] 

As mentioned above, in a radio communication 
system used for communications among a base station 
having a plurality of base station directional antennas 
and a plurality of radio terminals, or among one base 
station having a plurality of base station directional 
antennas and a plurality of radio terminals each having 
a plurality of directional antennas, a known signal 
series each having a different frequency is 
simultaneously transmitted via the plurality of base 
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station directional antennas to the terminals, the known 
signal series received at the terminals are 
frequency-analyzed, the quality of each of the plurality 
of propagation paths between the base station and the 
5 terminal is measured using a frequency spectrum, and 

the respective propagation paths are ranked. Based on 
the ranking, an optimum propagation path is determined, 
so that an optimum propagation path can be precisely 
selected in a short time. 
10 [0083] 

If a terminal has a plurality of directional 
antennas, both the measurement of the quality of a 
plurality of propagation paths corresponding to the 
known signal series received by the respective terminal 

15 directional antennas, and the ranking of all the 

propagation paths based on the measurement are performed 
in parallel, so that basically the known signal series 
can be simultaneously transmitted once, thereby 
decreasing the time required for the selection of an 

20 optimum propagation path from among a plurality of 

propagation paths. 
[0084] 

Further, a plurality of known signal series 
simultaneously transmitted from a plurality of base 
25 station directional antennas is set to a plurality of 
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continuous waves having different frequencies. The 
distance among the frequencies is set larger than the 
inverse number of a transmission duration time of the 
known signal series, while the distance is also set a 
value significantly smaller than the inverse number of 
a propagation delay time distance among a plurality of 
propagation paths. Thus, the quality of a propagation 
path can be correctly measured without being affected 
by the propagation delay time difference generated by 
a distance difference of a plurality of propagation 
paths nor being affected by a difference in distortion 
amount of the respective propagation paths generated 
by the difference in frequency, thereby enhancing the 
reliability of the selection of an optimum propagation 
path . 
[0085] 

The frequency-analysis of a plurality of known 
signal series configured by continuous waves having 
different frequencies is performed by fast Fourier 
transformation used for fast processing. At that time, 
the size of a fast Fourier transformation window is set 
to the inverse number of a frequency distance among the 
respective continuous waves, so that the orthogonality 
of the fast-Fourier-transformed continuous waves 
transmitted from the respective base station antennas 
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can be maintained, thereby precisely measuring the 

quality of the propagation paths. 

[0086] 

Meanwhile, by setting the frequency of each of 
continuous waves which are a plurality of known signal 
series identical to a carrier frequency used for 
communications or close to the carrier frequency, the 
quality of a propagation path can be measured in the 
data communication frequency band, thereby effectively 
enhancing the communication quality at actual data 
communications by determining a propagation path based 
on the measurement results. 
[0087] 

I f an optimum propagation path is determined after 
performing several times the processes of the 
transmission of a known signal series from the base 
station to the terminal, the quality measurement and 
the ranking of a plurality of propagation paths, the 
influence of the change of propagation environments 
caused by a person's movement, etc. on the quality 
measurement of propagation paths is reduced, thereby 
enhancing the reliability of the selection of an optimum 
propagation path. Further, the time required for the 
measurement is greatly reduced compared with a 
conventional method of measuring a propagation path a 
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plurality of times, since a known signal series can be 
transmitted the number of times equivalent to the number 
of quality measurement times of propagation paths. 
[Brief Description of the Drawings] 

[Fig. 1] is a block diagram showing a radio communication 
system according to an embodiment of the present 
invention; 

[Fig. 2] is a diagram showing a configuration example 
of a base station antenna and a continuous wave 
generation unit according to the embodiment; 
[Fig. 3] is a block diagram showing a configuration 
example of a frequency analysis unit according to the 
embodiment ; 

[Fig. 4] is a flowchart showing procedures of optimum 
propagation path selection according to the embodiment; 

[Fig. 5] is a diagram showing a continuous wave which 
is a known signal series of a measurement field according 
to the embodiment; 

[Fig. 6] is a chart showing a frequency spectrum of a 
continuous wave which is a known signal series received 
at a terminal according to the embodiment; 
[Fig. 7] is a chart showing a received signal waveform 
of a continuous wave which is a known signal series 
received at a terminal according to the embodiment; 
[Fig. 8] is a chart showing a relation between distortion 
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on a frequency axis and a frequency of a continuous wave 
which is a known signal series; 

[Fig. 9] is a chart showing a received electric power 
spectrum of a continuous wave which is a known signal 
series received at a terminal according to the 
embodiment; 

[Fig. 10] is a chart showing a received electric power 
spectrum of a continuous wave which is a known signal 
series received at a terminal according to the 
embodiment ; 

[Fig. 11] is a chart showing a relation between a 
frequency band of data and a frequency of a continuous 
wave which is a known signal series; 

[Fig. 12] is a chart showing relation between a fast 
Fourier transformation window and a frequency distance 
of a continuous wave which is a known signal series; 
[Fig. 13] is a block diagram showing the configuration 
of a terminal according to the other embodiment of the 
present invention; 

[Fig. 14] is a block diagram showing the configuration 
of a terminal according to another embodiment of the 
present invention; 

[Fig. 15] is a block diagram showing the configuration 
of a terminal according to further another embodiment 
of the present invention; and 
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[Fig. 16] is a flowchart showing the procedures of an 
optimum propagation path selection according to the 
embodiment . 

[Explanation of the Codes] 
5 1 Radio base station 

2 Base station antenna 

2-1 to 2-4 Base station directional antenna 

3 Radio terminal 

4 Terminal antenna 

10 4-1 to 4-4 Terminal directional antenna 

10 Switch 

11 Base station transmission circuit 

12 Base station reception circuit 

13 Continuous wave generation unit 

15 14 Optimum propagation path selection unit 

30,30a Switch 

31 Terminal transmission circuit 

32 Terminal reception circuit 

33 Synchronous circuit 

20 34,34-1 to 34-4 Frequency analysis unit 

35, 35-1 to 35-4 Spectrum measurement unit 
36,36a Ranking unit 

37 Optimum propagation path determination unit 

38 Path information generation unit 
25 39 Storage unit 
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41 to 42 Oscillator 

50 Frequency synthesizer 

51 to 54 Multiplier 
55 Oscillator 

5 56 to 58 Filter 

71 Series/parallel converter 

72 Fast Fourier transformation device 

73 Parallel/serial converter 
111 Measurement field 

10 112 Fast Fourier transformation window 
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[Fig. 1] 

A Transmission data 

B Receipt data 

11 Transmission circuit 

5 12 Receipt circuit 

13 Continuous wave generation unit 

14 Optimum propagation path selection unit 

31 Transmission circuit 

32 Receipt circuit 

10 33 Synchronous circuit 

34 Frequency analysis unit 

35 Spectrum measurement unit 

36 Ranking unit 

37 Optimum propagation path determination unit 
15 38 Path information generation unit 
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A Frequency synthesizer 
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[Fig. 3] 

A Synchronous signal 
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B Terminal 

5101 Transmitting continuous wave from all directional 
antennas 

5102 Synchronizing continuous wave 
5 S103 Analyzing frequency 

5104 Measuring spectrum 

5105 Ranking paths 

5106 Determining optimum propagation path 

5107 Transmitting path information 
10 S108 Receiving path. information 

S109 Selecting optimum propagation path 

[Fig. 5] 

A Measurement field 

15 B Data 

[Fig. 7] 
A Data 

20 [Fig. 9] 

A Electric power 
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[Fig. 12] 

A Measurement field 

B Data 
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C FFT window 

[Fig. 13] 

A Transmission data 

5 B Receipt data 

31 Transmission circuit 

32 Receipt circuit 

33 Synchronous circuit 

34 Frequency analysis unit 
10 35 Spectrum measurement unit 

36 Ranking unit 

37 Optimum propagation path selection unit 

38 Path information generation unit 

39 Storage unit 
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[Fig. 14] 

A Transmission data 

B Receipt data 
31 Transmission circuit 

20 32 Receipt circuit 

33 Synchronous circuit 

34 Frequency analysis unit 

35 Spectrum measurement unit 

36 Ranking unit 

25 37 Optimum propagation path selection unit 
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38 Path information generation unit 

39 Storage unit 

[Fig. 15] 

A Transmission data 

B Receipt data 

31 • Transmission circuit 

32 Receipt circuit 

33 Synchronous circuit 
34-1 Frequency analysis unit 
34-2 

34-3 

34- 4 

35- 1 Spectrum measurement unit 
35-2 

35-3 
35-4 

3 6a Ranking unit 

37 Optimum propagation path determination unit 

38 Path information generation unit 

[Fig. 16] 

A Base station 

B Terminal 

S203 Transmitting continuous wave from all directional 
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antennas 

5204 Synchronizing continuous wave 

5205 Analyzing frequency 

5206 Measuring spectrum 

5207 Ranking paths 

5208 Storing ranking 

5213 Determining optimum propagation path 

5214 Transmitting path information 

5215 Receiving path information 

5216 Selecting optimum propagation path 
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